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Root-Growth Stoppage

Resulting From Defoliation of Grass

By Fraskuin J. CrmEr, in charge, Nebiaiel Obeervafionel Nursery Projeet,
Nurgery Division, 8nil Consertation Service!

SUMMARY

Removals during the growing season of half or more of the foliage
of grasses—cool- and warn-geason species including bunch, rhizomi-
(ous, and stolunificrous types—enr Lo root growth o stop for a time
after each removal, with one exception. The exception was vrehard-
grass (Dactylis glomerota) atter the first clipping.

Aside from orchardgrass, a single clipping that removed most of
the folinge caused root growih to stop for perinds ranging from 6 to
18 days.  Stoppage occurred vsually wirhin 24 Lonrvs and continued
until recovery of {he top erowih was well advanced. When these
clippings were repeated periodically, ag in o svstent of rotation graz-
ing, root growth of all the grasses stopped for periods that ranged
from 23 to 45 days during the growing senson.

The percentage of roots that stopped prowth varied in proportion
to the pereentage of the falinge that was removed.

A single elipping of 90 percent of the folinge resulred i complete
root-growth stoppage for 17 days. and removal of 80 percent of the
folinge cavsed complefe stoppage for 12 days, At the end of the 33-day
Lesi, 10 und 4 percent, respectively, of the roots still were not growing.
Partinl stoppage oveurred after single clippings at the T0-, 60-, and
0-percent levels.

JotTects of such cltppings repeated freguently—stmilar to continuous
srazing—were much more gevere. Al root growth stopped afier {he
first elipping of 90 percent of rhe folinge, and the S-fimes-n-weelk
chippings that followed prevenied root growth during the whole test.
Root-growrh stoppage wis somewhaf less as Tesser amonnts of foliage
were removed, but where 70 pereent or more of the folinge hicl been
taken vepeatedly, no roors were growing at the end of the Sh-day rest.
Stoppage was also severe with repeated clippings at the 60- and 50-
percent levels, showing maximum stoppage of 10 and 63 percent,
respectively, af the close of the test,

Stoppage of root growth fuiled o take place in both the single and
repeated percentage-clipping fests only when 40 percent or less of the
foliage was removed. The balanee pont in the retation of top redue-
tien and root-growth stoppage wus found to he between the 40- wnd 50-
percent clipping levels.

Parts of bunchgrass plants were found {o function independently
0 Tar as the effects of folinge removal on root growth were concerned.

P Rubiicted o pulication My G, VM,
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Clipping of the foliage of halves and individual culms of plants
stopped root growth for only those parts. The habit of cattle grazing
only part of a plant at a time seems desirable.

Reduction of the foliige of the grasses affected root production ad-
versely. 1Ln the single- clippmw series, the number of growing roots at
the end of the 33-day test l(mﬂred Frean only 82 when 90 lJel'L(.llt of the
folinge was clipped to 1382 wheu 10 percent was clipped. In the ve-
peated-clipping series, the range was strikingly greater—fromn ¢ at the
90-, 80-, and 70- pu(.ent clipping levels to 156 at the 10-percent level.
Among the 7 types of grasses thai werve clipped periodically—2 to 4
thmes during the growing season-—the ovendry roots ot the unclipped
plants w eurheci 8 times as much as those of the clipped plants,

The drastic effects of the higher percentages of folinge removal in
causing complete and prolon-red root-growth afopp.wu, and corre-
=pondmlriy reduced root production, wag veflected in poor development
of the grass plants.

These data have particular application to soll conservation and
pasture-management practices, They emphasize that the growing top
cannot he reduced more than half without ad versely aﬂ't_f.tinw the fune-
tioning of the root system and the plant as s whole.  They are striking
evidence that close grazing or mowing during the growing season 1s
at the expense of st: and establishment snd meinftenance.

The comnplete stoppage of root growth is of particular significance
in conservation farming,  Because of the contimuous suppression of
pboveground growth and the inability of the plant €o replenish food
reserves. the effects of root inactivity arve lasting. Thus weakened,
the plant is less able to resist grazing, erosion, dlon-rht cold, and
disense.

The conelusion is, therefore, that the successful use of grass for
soil conservation and pasturage ig contingent in large weasure on the
employment of practices that preserve the closest possible balunce
between top and root development,

INTRODUCTION

This investizmufion included stadies of the extent fo which removal
of fhe folinge of grass canses rovt growth to stap, and 1he influence
of this rexction upon root produciion.  As early ag 1927, the writer
observed a strikingly close terrelation between the opposite growth
terminals of citens scedhngs growing in glass-Front boxes.  The main
roots censed to elongate and remained imactive for periads of + to 6
wecks during the yearly growth cycle of the plant, and the growth
and rest per jods of the roots alternated with growth and rest pt,uods
of the top.

Studies with glase-front boxes also diselosed that the root growth
of peach, plum, privet, and pine seedlingy stopped for a time after
the tops of the plants were cut hack severely.  The roots of herbaceous
planty likewise ceased fo climgate when the foli: we was shortened.,
Tobacro, tomato, and mhl;.urv were among the soft-bodied plants
tested wnd found to be so a flected.

Grass was particonlarly sensitive to the removal of top growth, as
indicated by the promptnesg with which voot growth stopped. Be-
cauge of the major role of grass in Liolding and bmldlmr soils, as well

/)
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as in pasturage, knowledge ubout the belavior of the roots in relation
Lo top reduction is of fundamental importance to conservation farming.

REVIEW OF LITERATURE

Many investigators have reported on the adverse etfects of close and
Trequent clipping or grazing upon subsequent forage yields., Among
them were Aldous (7} Cunbield (3): Crozier (6} Eiliot amd Car-
vier (7); Hanson, Love, and Morris {7/): Sampson and Malmsten
(J7Y: Sarvis (£8); and Tinker {22},

Other mvestigators luve shown that reduction of the top growth
Dkewige affects ndversely the undevground pariz of the plant.  Bis-
well and Weaver (:2), working in Nebraska with transplanted sods of
T rrasses, found that clipping ab th-day intervals caused o velatively
greater decreaxe in the production of roots than of tops. Gurnert
(73, in chpping fests with native praivie gragsses, and Harvison and
Hodgson {75}, with leading introduced species of grasses, noted that
the yields of both the vuderground and abovegraund parts decreased
with the severity of cutting.  Stapledon and Beddows (79) found
that repeated cutting of cockstoot (Dartylis glomerata} during the
growing season decreased the amount of both the hay and aftermath
erops. 1t also reduced the root syelem of the plant sad rvetarded its
growrh the following spring.

Fitts (8) reported that the length of the rootz of turf grasgses in-
ereased in divect proportion to the heighi to which the tops bad
grown.  Harrison (42} clipped Kentucky bluegrass (FPoa pralensis)
and red fescue {(Festuea pubra) to Lo U4 and 3 inches, at intervals
of 1 week, for u period of approximadely 24 woeks, 1le found that “the
shorter the grass was cul and the more the leaf area was reduced, the
snuller was the quantity of roots produced.”  Any eutting of Sorghum
halepense. says Sturckie (27). reduces the rootstock development., and
the more frequent the catting thie greater i (he reduction,  Like-
wise, Stapledon and Miton (20 state ilud the more drstic the cul-
ting of cocksfoot, as measured by the frequency and amonnt of de-
Tolintion, the less was the yvield of veots, rhizomes, and tops.

Purker and Sampzon (£} studied the anatomieal sirvueiure of the
roots of Stépae putehraand Bromus hordeaccns. 'They Toud ihat fre-
quent removal of acrial growth resnlied tn a pooriy developed root
structure.  The diameter of the whole root, the diwmeier of the stele,
and the number of ducts in clipped plants were invariably smaller
than o rools of unclipped plints of the seme age.  As shown by
Grraber (10), unchipped planis of Kentucky blucgrass developed abun-
dant rhizomes while those clipped seven times produced none.

Little investigation into the cessation of the root growili of plunis,
as influenced by removal of the top growth, has been reported. While
working with citrug seedlings growing in glass-front boxes. Crider
(4) discovered in 1927 that the rools stopped elongating and remained
inactive for indehnite periods. and rest gnd growth periods of the
roots alternated with the rest and growth periods of the fop. Lader,
in studying weeping lovegrass {(Frogrostis curenda) by the same
method, Crider (9) Tound that the roots of Sd-day-old plants which
were ent back to within 1 inch of the ground stopped growth and

* Nunthers in pareniheses indicate Bieraiare cited.
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remuined inactive for 16 days, The writer ulso found that the roots
of plants clipped to 3 inches every other day for 40 days stopped
growth and vemained quiescent for the entive period.

Parker and Sampson (75) worked with grasses grown in a nutrient
solution in fruit jars. They found that a single harvesting of the
leafage of 15-day-old Bromus hordeaceus plants “resulted in an im-
mediate cessation of root growth, a function which did not resume
activity for 8 days.” Robertson (7€) grew seedlings of Bromus
inermes in 2-foot glass jars and noted the effect of top removal on
root growth. The rate of growth of the roots down the sides of the
jars diminished gradually when 28-day-old seedlings were cut to u
height of 1.5 ¢m., and the clipping was repeafed at intervals of a
littie more than 2 weeks. Growth then ceased for 12 duys hefore the
roots started to die back at the tips.

METHODS OF OBSERVATION

Investigation of the underground parts of plants, without undue
interference with the normal functioning of the roots, presents unnsual
difficulfies. It was essentiad to observe the roots in their growing state
under as nearly natural conditions as possible,  Three methods of
examintion were emploved, desienated as (1) glass-hox method, (2)
field-excavation method. and (3) root-blacking method.

Crass-Box MeTHOD

Except for slight modification, the recliniques nsed in the glass-box
method of study were the sume as those fhe writer employed previ-
ously (4. 5). The grasses were grown in wooden containers 214 mches
wide. 24 inches long, und 24 inches deep, inside dimensions. The boxes
had heavy glass fronts which, bebween exannnations of the roots,
were protected from the hight by sheete of tar paper. Small holes
in the botfoms of the boxes and I-inch lavers of pebbles provided
drainage. The boxes were fitled firmly to within 1 inch of the top with
sereened, urmiformly mixed, fine sandy loam soil. They were kept
in a forward-tilted position of approXimately 50°, which cansed a
higher percentage of the routs fo remnin visible on the face of the
glase. The day-to-day recordings of root elongation were made
direcfly on the glass by use of red grease pencils (see fig. 1, p. 8).

Fierp-Excavarionr Merson

The Held-excuvation method of study exposed representative new
mutin roots for observation in their natural stale, without disturbing
the rest of the root system. The work wus done in the field during
midsummer, The soil was carefully washed away from one side of
the plants, 50 as to reveal The freshly starting roots. Withont undne
exposure, small apical sections of the roots were bluckened with
moistened carbon black and swrronnded immedintely with wet sphag-
num. Moist burlap was then pliced over the sphagnum and the whole
covered with soil to the ground level. Subsequent exawminations to
determine the growth status of the roots following clipping were
rade i;; lifting the burlap and gently removing the sphagnum (see fig.
6, 1. 12).
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Roor-Brackine METHon

The root-blacking melhod of study exposed #ll the growing roots
of the plant for observation. ‘Fhus. it provided a means of deter-
mining the relation of fop reduction to the roof-growth stoppage and
to root production. 1t consisted of growing the plants in snall, mov-
able, clay pots and blacking the roofs so that the white a pical root
growth made between examinutions could be seen.  Moistened cirhon
black, whieh is not injurious to the roots and dissipates slowly in
watering, was applied to the roots with a small, soft beash. The whire,
growing reots. which characteristically foilow the inside perimeter
of the pot. were ensily seen and cotnied. “I'o facilitate Femoving whd
handling the plants, shredded sphagnum was mixed with the potting
sotl. The pots also were lined with a thin layer of sphagnum so us
to overlap lightly on top. Alternate blacking and examination of
the roofs at definite infervaly revenled progressively their growth
status following clipping (see figs, 14 and 12, 000493,

TESTS AND RESULTS
Three specific tests were ased in atraning the overall purpose of
this investigation. Following is a deseription of these fesis. topethoer
with an outline of resuli= and tabiles which preseut ihe pertinent daia
in sy form.

CLmrpING 7 DiFrErE~NT TNTERY ALS

The periodic-clipping tesl served d twofold purpose 1 Lo conftrmed
the writer's previous observations ihat grin roots slop growth when
the top= of the plantzare cut baek. and if defermined the applicability
of the phenomenon of rool-erowth stoppage fo grasses of dilferent
growih babits. It served also as o measire of the olfect of roof-growth
stoppage on roob and Lop prodociion.

This work was done in o greenhouse. psing the shisgs-box methad.
Eight grasses were studied. Fliroe are cool-seasol) specips—amogth
brome (Browmus inermisy. tall fosene {Foduea arundinueea) and
orchunrdgrass (Dactylis glvme rate) . Five jie wirii-soason SPRCIOS—
Flovida paspalam (Puspuclum. doridinen ), King Runch bDluesten
(Andrapogon ischacnom}. switchgrass (Pawiewm virgatnmy, blue
grama (Bouleloua graeilis) . aud bormudagrasy (Cynodan dactylon).

One glass-Tront box was used for each species, AT the gyasses but
bevmudagrrass, which way staried from sprigs of newliy rootod stalens,
were grown from seed sown thindy next to (e plass.

When the young plants were old enough for differentiation. they
were thinned to 2 strong, uniformly developed specimens in each box,
spaced about | foot apart. Only 1 plant in each box was clipped: the
other wasg leTt us the confrol (e, 1), Water and a comiplete fertilizer
i sotution were applicd uniformiy according to the needs of the
[lants,

The cool-seazon gravses were clipped 2 times to 21s, 284, and 3 inches
at the first, second. and ihird ¢lippings, respeetively. The warm-
season specios were elipped as totlows: Florida paspalum, 4 fimes to
2 inches; King Ranch bluestein, 3 fimes fo 2 inches; switchgrass, 2
times to 2 fuches: and bermudagrass 3 times to 1 inch, The first ¢lip-
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TasLE 1 —-—b_ﬁecf during an entire growing season. of severe top reduction
on root-growth stoppage and root product?on

: PR Root produe-
Clipping 'Ro_ft"ﬂrot‘f'h lion (ovendry
. stoppagt wenghi)
Species
- } ) Cne
Heightl ¢, o | Pura- Clipped] 5
Date eut 5 Start |7 ' Tolak plant (:{i;i;i:id
fnghes t Lay | Pays i Deys | Grams | Groms
Smooth brome . __ Apr. 28 20 3d i2 . i
Do May 20 24, Igb. . e [P [
Do i July 7 3 i st - 8 37 4.3 51
Tall fesewe oo oo __ Apr, 28 24 isb. 13 ) ... S IS
Do ... May 20 ST F- 2o | ...a- o aa
B8 s T July 7 3| tsko_ 7 32 6.2 20. 8
Orehardgrass . A})r‘ 28 2 none_| nonel . ] Lo ]eanoooo
Do ______..... May 20 23,0 3d._. .!S U S .
Do e July 7 3 Padth__ 25 4.6 26. 2
Tlorida paspalum *___. 1 July 15 2 2l i ! _______
Do . ... July 24 2] st Gl oo .-
Do ..o ... Auyp. 4 LI Y 52 IR R P
Do____ Sepi. 9 20 24 18 43 1 46
King Ranch bluesiem?®. | July 22 2| sl_. b2 S SR [
Do o Aug. 12 2 2 .. Tl . -
Do___..._ .....1 Sept. 8 2 18 33 I3 i7. 6
Swikehgrass ... . | July 22 2 18 . .-
Do ... Aug. 30 | 2 i 29 1. 4 17 &
Bive grama 2.__ . .. | July 28 2 17 ! . _
Do__. .. A Aug 23 2 13 ¢ 30 b 3.8
Bermudagrass 2__. . May 20 1 9 -
Do __.. .. June 21 1 6. YL
Tdo___. ... . Nept. 28 - | 14 31 E _____

( ‘ool season.
War seasoin.

1
RERULTS

The roots of all the grasses. except orchardgrass, stopped growth
when the folinge was firs¢ cut back (lable 1), T he visible roots of
all the grasses ceased (o elongaie after each suceceding chipping.
Roots of orchardgrass were innctive Tor an unusually long period afler
the second (I]ppanh compensuating for their failure to stop growth
after the firgl chipping.

Six duvs was the shortest period of complete root-growth stoppage
atter clipping, This followed the second clipping of Florida paspalum
and bermudagrass. The longest periods of complete stoppage were 18
davs, which Tt)llm\(‘d the fuet cutting of sawitchgrass, the second eut-
ting of orch: avdarass. the thivd cutting of King R tneh bluestem. and
the fourth Ln!i]n-r of Floride paspalum. Tot Al complete rovt-growih
stoppage during the fest ranged Trom 25 days for m(lmnlcr! S8
{chipped 3 times ) to 45 days for Florida paspulum {clipped 4 (imen)

No root growth for o greaf @ part of e growing season resulted
in a tremendous reduction in roet production {figs. 4 and §). The
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Figrwr 4. —Smooth hrowmwe-
#eites fihe soeme =P iinen
as firs 1,20 and 3Y—ihe
witshed  roods of  the
clipped plane {lofi) awl
anclippd  piank (righi)
46 dayye ufier the third
clipping.

Figrne  S.—=King  Raneh
Bluestent  {wirin-senson
EvaEE T he warshed roons
att chpped plant {richi)
At Cliptyunat plant
Pl ). AT davs afier the
thivd clipping to U ineiwes,
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roots of the clipped plants weighed only one-eighth as much as the
roots of the unelipped ones. This striking difference in root produe-
tion by clipped and unclipped plants was manifest as well in the
development of fhe plants as a whole. Compared with unmolested
plants. the mature, clipped specimens were greatly lacking in size
and vigor,

CLrring 1N TRE FIELD

Conduicted with erasses growing nafurafly in the field, the field-
clipping test denlt with the effects on root grawth of overall top reduc-
tion and top rednction of parts of plants. The livst served further
to confirm the fact that roof-growth stoppage is actuated by top
rednetion.  Fhe second served to show the functional relationship
of one part of 1 bunchgrass plant to another, insofar as top reduction
and root-growih stoppage are coneerned.

Weeping Jovegrass (Lragrostis ¢urvala) and breadgrass (Brachi-
arie brizantha), swnmer-growing bunchgrasses, were used in the over-
all top-reduction phase.  Single speciniens of each grass were started
in 3-inch pofs in the greenhouse, and at the beginning of the growing
soason werve transplanted to the fiekd 18 inches apart in the row. A 12-
foot section of row was planted 1o eacli grass.  In midsmmmer, after
the plants were well developed. the soil was wushed away from one
ziede. The exposed. freshly srowing roots then were Llackened and

Frocos Gelrield-ecxeavaiion method of obgerving roof-growth stoppage. Bread-

wries, weawing matoraily i te fiekd, juse afier the faps of every ofher plant in
the ey haed heen cog back, ihe soil washod Trong one side, aml the Treshly
growing ropts (reatod and covered.
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TanLe 2—Root-growth of weeping lovegrass and breadgrass, growing
naturally in the field, € days after clipping to 2Y% inches

FPlant and No.

Treatment,

Active main
~00ts at time
of ¢lipping

Avcerage root
elongation ¢
davs after
clipping

New main
roots § davs
after elipping

Niumbar

Nunrher

Weeping lovegrass:
1

frches
Clipped_ ___ 0.5
L'nelipped. .
Clipped____
LUnelipped__
Clipped._._
Lnelipped .
Clipped .___

o
G
47

Clipped. ___
Unelipped. _
Clipped ____
Unelipped . _
Clipped__ ..
Unelipped_ .
Clipped_ .. _

M da ok otk 1AM S oD
OE@AIOMO SO mWwS

L

otherwise treated as described under the field-oxcavation method. Al-
ternate plants in the row were then cut back to within 134 inches of
the ground. This Jeft an equal number af plants as controls (fig, 6).
The tip-blackened and the control roots were examined 6 days later.
Earlier observation wus avoided. so as not to disturh or expose the
roots unduly. A longer test than 6 days was found impractical. be-
cause of the tendeney of the roots of the wnclipped plants to grow oub
of bounds.

Summer-growing bunchgrasses. weeping lovegrass (Eragrostis
curvwla), and corngrass { Lripsaciom dactyloides), likewise wore used
in the fractional top-reduction phase. ITalves and individual culms of
well-estublished plants growing singly in the field were clipped to 234
inches, without cutting back the rest of the tops. At the same fime.
freshly growing roots of the clipped and unclipped parts were washed
free of soil, biackened, and otherwise trexted ns in overanll top reduc-
tion.  Examination 6 days Jater revealed the relative growth status of
the roots.

RESULTS

Except for negligible “momentum? elongation, the ronts of the
clipped plants in the overall top-reduction phase made no growth in the
G-day test (fable 2). On the other hand, roots of the unclipped weep-
ing Jovegrass plants made x combined average growth of 5.33 inches
and those of breadgrass, 8.83 inches. None of the clipped plants
showed new mmin roots, but the unclipped weeping lovegrass plants
showed an average of 7.7, and breadgrass. 7. Figure 7 shows the ex-
posed roots of clipped and unclipped weeping lovegrass plants at the
end of the 6-duy test,
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Fraure —=S8ingle enjms of
corngenss (detached team
the e planr) 6 days
itfter culmn at right was
clipped ta 24 inches.
Like the clipped haelf of
the pHant in figare 8. in-
dividmal culms  were
foumd te function imle-
pendently of the mothey
plimt inzofar as top re-
uetion aml root-growt
stuppkize are conerisd,
The 2 marked roots of the
clipped  ¢ulm  {right)
show no growel, except
Leglizible “wmnentimo”
clomgiion  indicatsl by
e white tips; the 1
wrked root of the uan-
clippeal el (left) shows
extensive  prowih, and
there ig 1 uew basal root.

‘Ihe fractional top-reduction phase revealed that in ench instance the
individual parts functioned independently of the vest of the plant,
nsofar as the effects of top-growth removal on root-growth stoppagre
were concerned.  The roots of the clipped parts of the plants—Dhoth
Lalves and culins—stopped growth at the thne of ¢lipping and were
still inactive at the end of the G-day test (trs. 8 and 93, In contrast.
the roots of the unclipped portions continued normal growih.

CLIrPING T DIFFERENT PERCENTAGE LEVELS

The percentage-clipping test included 9 levels of top reduction,
ranging by tens from 0 to 10 percent. To determine the relative
cffect of single clippings and repeat d elippings, the test was con-
dicted in two series, simultaneously.

These tests covered a 33-day period—no longer becuuse of the prob-
abibiy that the plants would become pot-bound and funcrion ab-
nornially.  The work was done in the greenhouse using the root-
blacking method. The prasses in the repeated-clipping series were
reclipped to the point of initinl severnnce each time the root systemns
were exaniined.

FFourteen exiuninations of the root systems were made at intervals
of 2 and 3 days to determine progressively the growth status of the
roots.  The 3-day intervals include Snndays.

Rhodes grass (Chloris gayana) was used in the single-elipping se-
ries mainly because its voots arve lurge, grow rapidly, and wre ensily




16 7TECHNICAL BULLETIN 1102, U. & DEPT, OF AGRICULTURE

FvRe 10.—"Tup of grass
plaiits Toerred Full lengih
fnne wier=-filled Tk
sepdenie- e lirst ®iep
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poing 6ol severanee
et ase-clipping tests,
T chin perpr disk pre-
vonts debris From Miling
inbo wrtihnite aud les=en
T ateenpaey.

obzerved. Thiee grmsses were used in the yepenied-clipping series:
Rhiades grass. a warmeseason =peeies: amd Kentneky bluegrass (Pou
Jroeets nisis) andd =miootly brome (Feanirs e emis), conl-season species,

The seeds were planted bt d-inel elay pots fGlled wirh sphagnum-
freared soil. as previously desevibed. Tu their early growih the
plant= were thinned to 3 individuads per pot.

Atotal of 1 phints—rhe namber in 5 pols—were clipped at each
level of top reduction. Duplicae groups of unelipped plants were
tedd e controls.

To hn=ure uniform moi=ture confent, (he pots weve placed in firmiy
packed peatiios~. They were bened around 1o place frequently
enougly to prevent the rost= from growing throngh the dirainage holes,
Ocensional. uniforim applicarions of o complete ferrilizer i solorion
kept thie plant= i wood growing condition.

Clipping was deferved antil G4 days afier seeding when the plants
had strongly developed o and root syeieins

The point to whieli the planiis were to be eot baclk was determined
by volumerrie displacement of water. v LOB0-co. pradunte, with
the lip removed o that the folinge of the plants could be immersed
cainpletely. was filled 1o the bein with wianer Hig 1),

Adizk of thin, sull papers with o =licin one side and & hole in the
eoepter. wits plaesd arond the base af the pleni=. This prevented wny
debriz from fulling into the graddoate o lessen the aecuraey of the
di=placement messurenieni. )
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The 3 plants in each pof were litled ag o vuit and inverted. The
tops were then hmmersed full length into the gradnute, and the dis-
placed water flowed over the side. Next. the plants were withdeawn
and their displacement noted.  From thig displacement, the displace-
ment measures of the desired pereentages of top reduction were
ctlenlated for each level.

Water was then added to the graduate until the unlilled space
equied the displacement measure of the perceniage of top to be re-
nioved. The tops then were reinserted in the pradunic uniil the
cohummn of water was ruised to the brim.  The tops were clipped wiih
scisgors at their pomnt of contact with the waterline at the brim of
the graduate.

To measure roor growth at the stavt of the test. the plants were
Iifted from the pots 2 dayy before the fivs clipping and the entire
root nass was blackened with moistened carbon black, Just preceding
the actual clipping, they were Hfted again and the white. growing
reot terminls of the pluntz were connted, recorded, and blackened.
This provedure was repeated during enchi suceeeding examination.

Usiig the initial root cound as o basis, the percentages of roots that
had ‘St(lppt‘(! growih and the pereentages of growing rools were cal-
culated. T hu.k. was shown, from one v.\.nnnmlmn to the next, the
growih statas of the rools wr ench of the 9 clipping levels

The growth status of the roots following each ¢ llppnrr amnd the aver-
ngres !(}f the full S2-day iest showed ilat‘ velutive efforts of the 9
different poreentage lovels of top reduciion on rooi-growih =toppage.
Likewise, ihe number of sctive main roots showed 1he relufive effect
of the 8 percentages of fop veduction on root produciion,

RESULTE OF SINGER-CLIPPING SERTES

Root-growth stoppage occnrred to zome exient in fhe singlo-clipping
series after every reduction of the top by S percent or more (fable 3,

Root growth stopped complefely Tor 17 dovs after removal of 90
percent of the top and for 12 duys afier removad of SO pereent of the
top.  Thereafter. stoppage continued o the end of the tesi hot wiih
oss tntenstty (g 11, Afier veduetion of the top at the 70, 60-, and
a0-pereent levels, T8, 500 and 2 pereent of the roots stopped growih,
Stoppage ai these fevels decreased proporGionalely as recovery growtl)
incressed but continned Tor 28, 17, and 11 duye, respectively.

No stoppage vesulied fronta top reduction of 10 pereeni or less.

The number of active main roots of planls clipped af the 90- and
BU-pereent levels was 22 and 2 less, regpectively, ol the end than at
the beginning of the fest.  With smaller percendiges of fop reduetion,
the number of roots was greater fhan the initial count—showing 26,
56, 52, 61, 69, 91, 93, and 93 more roots, reapectively, ab the 70-, G0-,
5=y 40+, 30-, 20- and 10-percent clipping and the controi levels. Total
root production. as expressed by the final counts of the 9 clipping
lovels, mraduated upward from 52 at the H-pereent level to 132 af the
1W-percent Jevel and 135 at the control level,
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Tanvue 3—LEffect on Rhodes grass of single clippings to 9 different percentage levels

Root-growih stoppage !
: Root,
production
5th 10tk | 12th | 14ih | A7¢h | 19th | 21st { 24th | 268h | 28th | 31st | 33d | (main roots)
day day { day | day | day | day | day | day §-day day | day | day

Top reduction
(percent)

Per- Per- | Per- | Per- 1+ Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per-.| Per-
1 vent ( cenl cent cend cenld cent cenl cend cent cenld cenl cent cent
G0 e — 100 — 100 i—100 '—100 {—100 { —85 | ~81 { —80 | —83 . —67 | —61 | —40 | —22

— 100 -~ 100 100 —83 § —72 1 —65 | —521 —47 | —48 ] —47 | —29 —d4 —2
L S 8 | —70 —d2 ] =d0 | —~H0) —5H2 | —40 | —36 | —27 | =25 =3 | 424 | 459 | 26
{11} H ~—45 ~12 1 =16 ] —11 ] —12 +7 ) 417 419§ 4331 751 487 | 92 | +36
L 2 -3 -3 — 4, —2 44 A7 <40 F 442 (107 {122 (114 14123 | 452
| D ) +21 40 b oAl 46 ] 450 ) 454 462 1 67 | 47644108 {--118 [-133 | 4-61
30 ieiean i 427 447 1451 AT L A6 469 ) 78 | 86 | A-97 {4115 4135 |4-150 | 469
200 L 31 430 455 1 479 100 14111 1134 {--148 [ 167 [4+190 1-4-204 1--225 {--224 | 401
10, .. AN - 461 402 4105 (4105 1128 {151 {179 --200 |{<-215 |{--225 {230 {238 | 4-93
(check). - 29+ 457 95 (4117 (4119 {4137 4156 {4181 {=-190 {4-211 {4227 |--231 {238 | 495 135

!

] Y
L

|
e ST W T

L s S UR

e

P Minus signindicaies proportion of roofs not growing (—100 indicates no growth).  Plus sign shows the percent increase in growing
roofs over the active roots at the begintiing of test.
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TasLe 4—L'ffect on 3 grasses of repeated clippings to 9 da]}muz( percentage levels. (T'ops weve cut back to original
clipping level 3 times a week.)
RHODES GRASS

Rooi-growih stoppage?
. Root
Top reduction production

" ! : | ; j ' |
(pereent) ¢ gq L s D o7ih | o10th  12th | 14th | 17th . 19th | 21sb | 24th | 26th | 2 31st | 33d | (main roots)
: day ; day day day day | day | day day

Per- j Per- ’ Per- { Per- | Per- | Per- 1 Per-
! cend N, cenl cenl cenl cend cent cenl
00 . : ] —100 100 1 —100 '—100 ;—100 |~100 |—100 i-—~100
80 i =100 100 | —100 ) [—100 100 {100 1100 | ~100 | ~100
10-,-_,”.,‘___; a7 0; { — 100 =100 | =100 |~ 100 :—100 | —100 '—100
[ S —7D ( 91 —~8 | ~83 | —83 b —83 1 —91

—17 5 5] —62 | —78 1 —78") —79 1 —69
411 B3 2134 F13 ] 4178 413 1 420
+13 ' 416§ ot DA 16 12
4+ 8 o1l ) -1 RLL ) 427 65
-+ 28 410 =13 49 410 +30

|
(check)o oo CIZ000 #0184 +29 '.14-35 +49 | 61 | 455 | +76

KENTUCKY BLUEGRASS

‘ f ]
Moo oo .. —100 | —100 !—100 — 100 {—100 |—100 {—100 :—100 g—lOO
80,___,.,“,--“,,, —91 . —Y: { —98 100 ;—100 =100 ;-—100 {—100 —100 ;
- -7 ‘ —89  —91 ——S() —-094 | —93 {—100 . —100 |
ki : =521 —65 | —75 | —70 | —63 | —88
=38 p —341 —29 —2t | =27 | —38 | —45
1+ 30 51 4731 473 +78 | 481 | 486 {4101
+33 F 46 +119 -+ 126 9 14133 4137 14135 +139
b-50 4119 14126 14129 [4-120 [4-131 {4-137 ,-I—Ho
P61 + 147 155 37 |4-170 14181 (4179 179
Co-40 ~+ 96 -i- Hd | + 221 ‘—{-227 -+223 l+‘701 it
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BMOOTH BROMBEGRASS

—100 ./ —100 :—100 {—100 [—100 1—100 [—100 :—100 {—100 —100 100 —100 0
9. —82 1 —97 —100 (=100 (—100 [—100 [-—100 . —100 '—100 —100 ) —100 0
57 1 —64 0 =72 —87 | —8 | —80 ! =00 | ~90 i —02 | —04 | —04 94 =100 0
; —27 =8 —25{ —19 | —11 | —H —8 1 —11 =9 —14 5 —59 26
: { =2 =10 —71 —11] —13 —7 4 =18 =32 —30 | —32 —35 ‘ 42
i 10 ¢ +2000 413 1 410 +8 -9 +8] 4191 +32 | +67 } +67 37 141
L +13 1S AT 15 27 431 435 | +37 1 439 | 443 £ +68 8 160
ik 6 PRl 2107 4310 40 ] 435 1 441 | 41} +50 | 453 59 | 471 3! 163
+16 31 426 +29 1 421 - 4341 4261 443 | +44] 453 | +70 +87 165
-+21 i 35 | 47 1 447 | 4581 463 | +77 - +81 ) 495 |--104 L |+111 | 489 167

U Minus sigh indicates proportion of roots not growing (—100 indicates no growth).  Plus sign shows the percent increase in growing
rootx over the active roots ai beginning of test, :
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and smooth brome after the 13th clipping; and at the 60-percent
level—Kentucky bluegrass after the 11th clipping. and Rhodes grass
after the 13th clipping.

As in the single-clipping sevies, the root-growth stoppage was gen-
erally less when less of the top was removed. and no stoppage occurred
when 40 percent or less of the top was removed. In confrast to the
single-cl:pping series, however, the root-growth stoppage increased
with repeated clippings.

Neither Rhodes grass, Kentucky bluegrass, nor smooth brome
clipped at the 90-. 80-. and T0-percent levels had any growing roots
at the end of the 33-day test. These 3 prasses. clipped at the 60- and
50-percent levels had an average of 57 and 35 fewer growing roots,
respectively, after the last clipping than before the first.

ceurring first at the 40-percent clipping level, the number of erow-
ing roots in excess of the original count increased with lowered per-
centages of top reduction. The average increuse in the number of ue-
tive main roots of the 3 prasses was 42 at the 40-percent level, 64 at
the 80-percent level, 70 af the 20-percent Jevel, 90 ut the 10-percent
level, and 114 for the cantrol plants.

Tu total root production, the averages of the 3 grasses ut the 9 elip-
ping levels gradafed upward from 0 at the 90-, 80-. and 70-percent
levels to 156 af the 10-peveent level, and to 183 at the control level.
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